In this work, three different extraction procedures were performed in Gleditsia triacanthos seeds in order to obtain extracts that were characterized in terms of the yield of extraction, total phenolic content and antioxidant properties. The extracts have been shown to contain considerable amounts of phenolic compounds (between 4.93 and 12.34 mg galicacid g extract
Introduction
Nowadays there is an increasing interest in identifying antioxidant properties in products from natural sources to be used e.g. in food preservation or in health-enhancing foods. Edible films can provide additional protection for food, while being a fully biodegradable, environmental friendly packaging system. They can be used to improve food quality and prolong shelf-life of fresh products and they can be used to carry functional ingredients such as antioxidants, antimicrobials, nutrients, and flavours to further enhance food stability, quality, functionality and safety (Lin & Zhao, 2007) . In addition, there is a very strong interest in identifying antioxidant properties from products of natural sources in view of their application in food preservation: e.g., active substances such as plant extracts can be added, conferring e.g. antimicrobial and/or antioxidant properties to the foods (Lee, 2005) .
Antioxidants can be incorporated into or coated onto food packaging materials to control the oxidation of fatty components and pigments, and can contribute to the quality preservation of foods; some antioxidants incorporated into plastic packaging materials may have the dual role of protecting the polymer as well as the packaged food from oxidation (Lee, 2005) . The number of studies related with residual sources of active compounds has been increased considerably driven by the high interest of the agro and food industry, and fostered by the increasing amount of information about the specific location of active compounds and their modification during processing (Demo, Petrakis, Kefalasa, & Boskou, 1998; Jayaprakasha, Selvi, & Sakariah, 2003; Xanthopoulou, Nomikos, Fragopoulou, & Antonopoulou, 2009 ).
Many publications reported that seeds could be considered a valuable source of phenolics, showing to possess beneficial activities such as antioxidant, anti-carcinogenic, anti-microbial, anti-mutagenic and anti-inflamatory (Al-Farsi & Lee, 2008) . Recently, numerous reports have described antioxidants and compounds with radical scavenging activity present in fruits, seeds, vegetables, herbs and cereals extracts (Al-Farsi & Lee, 2008; Majhenič, Škerget, & Knez, 2007; Subhasree, Baskar, Keerthana, Susan, & Rajasekaran, 2009) .
The studies of natural antioxidants with edible films/coatings are increasing in the last years, a great number of works report protein based film as the principal material used but only a few use polysaccharide based films as the main material (Gómez-Estaca, Bravo, Gómez-Guillén, Gómez-Estaca, Montero, Fernández-Martín, Alemán, & Gómez-Guillén, 2009; Han, Hwang, Min, & Krochta, 2008; Nuthong, Benjakul, & Prodpran, 2009; Seydim & Sarikus, 2006; Sivarooban, Hettiarachchy, & Johnson, 2008) . To our knowledge, no research has been done on galactomannan active films with antioxidant properties.
Galactomannans are present in the endosperm of numerous plants, particularly the Leguminosae, and they have several functions, e.g. reserve of carbohydrates. Galactomannans are polysaccharides built up of a β-(1-4)-D-mannan backbone with single D-galactose branches linked α-(1-6). Galactomannans can often be used in different forms for human consumption. Featuring different physicochemical properties, galactomannans are a versatile material used for many applications: they are excellent stiffeners and stabilizers of emulsions, and the absence of toxicity allows their use in the textile, pharmaceutical, biomedical, cosmetics and food industries (Srivastava & Kapoor, 2005) . Some works have already used galactomannans from commercial and non-traditional origins as a source for films and coatings production (Chen & Nussinovitch, 2001; . Seed extracts from Gleditsia triacanthos have been used in the cosmetic industry by GreenTech S.A. and is commercially available as Gleditschia. The hydroglycolic extract of G. triacanthos, containing an alkaloid (triancanthine), galactomannans, flavonoids and tannins is used for hair protection and fixing and in capillary care applications (see, e.g., Chemidex, 2008) .
Antimicrobial and antioxidant packaging systems containing natural active substances may have high potential for commercial food packaging applications. Consumers clearly prefer to obtain a better food safety of fresh products and minimally processed foods using this type of packaging systems. Most materials containing natural active agents are more effective when there is a direct contact of the packaging materials with the food product. For an effective introduction of new packaging systems into the market, careful design is required. Natural antimicrobials and antioxidants are usually costly, and therefore further development of package design using the minimum of active agents is desirable for practical applications (Lee, 2005) .
The work presented here had three objectives: the first one was to evaluate the total phenolic content and antioxidant properties of ethanolic and water extracts from G. triacanthos seeds; the second one was to demonstrate whether galactomannan films are suitable to incorporate antioxidant compounds for further application in the food industry; and thirdly, to show how the main film properties can change with galactomannan and extract concentrations.
Materials and methods

Reagents
G. triacanthos seeds were collected in the Botanic Garden of Porto, Portugal, in November 2007. The Folin-Ciocalteau reagent (Panreac, Spain), Na 2 CO 3 (Fluka, Germany) and gallic acid (Sigma, Germany) were used in the quantification of the total phenolic content. Antioxidant determinations were performed using 2,2-diphenyl-1-picrylhydrazyl (Sigma, Germany), 2,6-Di-tert-butyl-4-methylphenol (BHT) (Fluka, Germany), 3-ter-Butyl-4-hydroxyanisole (BHA) (Fluka, Germany) and methanol P.A. (Riedel-de Haën, Germany). The reagents for film formulations were glycerol 87% (Panreac, Spain) and distilled water.
Extraction from galactomannan and extracts recovery
The polysaccharide extraction was performed as described in Cerqueira, Pinheiro, et al. (2009) with some changes in the pretreatment processes, as described below.
Pre-treatment A
In this process, the seeds were removed from the pods, cleaned and placed in a blender, where they were mechanically broken into a coarse size (ca. 0.2 to 0.5 mm length). Following this operation, they were suspended in ethanol (purity 99.8%, Riedel-de Haën, Germany) in a proportion of 1:3 (seeds:ethanol) at 70°C during 15 min. The ethanol was decanted and the endosperm was manually separated from the germ and the hull. This ethanolic fraction was called extract A.1. Then distilled water was added in a proportion of 1:5 (endosperm:water) and the suspension was left to rest for approximately 24 h. Then water, in a proportion of 1:10, (suspension:water) was added and mixed in a blender for 5 min. In this case no water extraction was performed (as in pre-treatments B and C) and this fraction (A.2) was integrally transferred for the purification process (described in Section 2.2.3).
Pre-treatment B
Also here the seeds were removed from the pods, cleaned and placed in a blender, where they were mechanically milled (until a fine powder was obtained). All the milled seeds were suspended in ethanol (purity 99.8%, Riedel-de Haën, Germany) in a proportion of 1:3 (seeds:ethanol) at 70°C during 15 min. The ethanol was decanted (B.1) and distilled water was added in a proportion of 1:5 (endosperm:water), and the suspension was left to rest for approximately 24 h. The water left during 24 h was removed being called B.2. Then water, in a proportion of 1:15 (suspension:water) was added and mixed in a blender for 5 min.
Pre-treatment C
Also here the seeds were removed from the pods, cleaned and placed in a blender, where they were mechanically milled (until a fine powder was obtained). All the milled seeds were suspended in ethanol (purity 99.8%, Riedel-de Haën, Germany) in a proportion of 1:3 (seeds:ethanol) at 70°C during 6 h (using a soxhlet system). The ethanol was decanted (C.1 fraction) and distilled water was added in a proportion of 1:5 (endosperm:water), the suspension was left to rest for approximately 24 h. The water left during 24 h was removed being called C.2. Then water, in a proportion of 1:15 (suspension:water) was added and mixed in a blender for 5 min.
Galactomannan purification
All the purification processes were performed in the same way. The endosperm mixed in the blender at the end of each pre-treatment performed, was filtered through a nylon net followed by a centrifugation step at 3800 g (Sigma 4 K, B. Braun, Germany) during 20 min at 20°C. The precipitation of the galactomannan was achieved by adding the supernatant to ethanol (purity 99.8%, Riedel-de Haën, Germany) at a ratio of 1:2. The ethanol was decanted and the precipitated galactomannan was lyophilized and kept in a dry place until further use. The ethanol decanted in this process was called extracts A.3, B.3 and C.3 depending of the pre-treatment used.
Extract recovery
All the extracts from the different extraction steps were filtered (GF/F, Whatman filter paper), and concentrated in a rotary evaporator at 60°C. The extracts were stored in the dark at 5°C until further use.
Determination of total phenolic content (TPC)
The determination of TPC in extracts and films was done by a UV spectrophotometer (Varian-UV-VIS Spectrophotometer, Germany), based on a colorimetric oxidation/reduction reaction, as described by Skerget et al. (2005) . The oxidizing reagent used was Folin-Ciocalteu reagent. To 0.5 ml of diluted extract (20 mg of extract in 10 ml distilled water) or film (20 mg of film in 10 ml distilled water) a volume of 2.5 ml Folin-Ciocalteu reagent (diluted 10 times with water) and 2 ml of Na 2 CO 3 (75 g L −1 ) (Riedel-de Haën, Germany)
were added. Absorbance was measured at 760 nm after 30 min incubation at 25°C and the results were expressed as g of gallic acid from the calibration curve previously carried out with this reagent. All experiments were carried out in triplicate. The total phenolic content was determined as gallic acid equivalents and values are expressed as mg of gallic acid per g of extract.
Antioxidant activity
The DPPH-scavenging potential of the different extracts and films was measured, based on the scavenging ability of stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals by G. triacanthos extracts. The ability of extracts to scavenge DPPH radicals was determined by the method of Blois (1958) . Briefly, 1 ml of methanolic solution of DPPH (1 mM) (Riedel-de Haën, Germany) was mixed with 1 ml of extract solution (containing 0.5-5.0 mg mL − 1 of dried extract) or film solution (containing 0.5-5.0 mg mL − 1 of film). The mixture was then vortexed vigorously and left for 30 min at room temperature in the dark. The absorbance was measured at 517 nm (Varian-UV-VIS Spectrophotometer, Germany) and the activity was expressed as percentage DPPH-scavenging activity relative to the control, using the following equation:
% Radical scavenging activity ðRSAÞ
Where A control represents the absorbance value of the control sample and A sample represents the absorbance value of the analysed sample. The IC 50 value was also calculated as the concentration of the compounds that caused a 50% inhibition of the radical scavenging activity (RSA). All experiments were carried out in triplicate.
Determination of polysaccharide yield and extracts yield
The polysaccharide yield (PY) was determined at the end of the purification for an initial mass of 50 g seeds. PY represents the total yield of the extraction and purification processes and was calculated dividing the mass of lyophilized galactomannan (ml) by the initial mass of the seeds (mi), expressed as g of galactomannan per 100 g of seeds (% w/w).
The extracts yield (EY) was determined at the end of each recovered process pi (where p is the pre-treatment used A, B and C, and i is the number of process 1 (for process A), 2 (for process B) and 3 (for process C)). EY pi was calculated dividing the mass of the recovered extract (m re ) by the initial mass of seeds (m i ), being expressed as g of extract per 100 g of seeds (% w/w).
Film preparation
The film formulations were based in a 2 2 level factorial design with a centre point. Galactomannan concentrations of 0.5, 1.0 and 1.5% (w/v) were used, together with extract concentrations of 0.0, 0.5 and 1.0% (w/v) ( Table 1) . A concentration of 0.5% (w/v) of glycerol was used in all films formulations. The concentrations were chosen based on preliminary experiments (data not shown) where it was determined that for galactomannan concentrations above 1.5%
(w/v) their dissolution was extremely difficult; also for glycerol, previous studies indicated that for values lower than 0.5% (w/v) the film would be too brittle. The extract used in the film formulation was selected based on the results presented in Table 2 ; the choice was made taking into account the extract presenting simultaneously the best values of TPC, RSA and IC 50 . The films were prepared by dissolving the lyophilized galactomannan in distilled water (20°C). Each mixture of galactomannan and glycerol was stirred for 2 h at room temperature (20°C) and the seeds extracts were added at the corresponding concentration; the obtained suspensions were homogenized with an Ultra-Turrax homogenizer (T 25, Ika-Werke) in two cycles of 1 min at 5000 rpm. The films were prepared with a constant amount (28 mL) of solution which was cast onto a 9 cm diameter Petri plate. The films were dried in an oven at 35°C for 16 h and maintained at 20°C and 0% RH, until further use.
Film thickness
The film thickness was measured with a digital micrometer (No. 293-5, Mitutoyo, Japan). Five thickness measurements were taken on each testing sample in different, randomly chosen points. The mean values were used to calculate water vapour permeability (WVP) and are presented in Table 1 .
Water vapour permeability measurement (WVP)
The measurement of water vapour permeability (WVP) was performed gravimetrically based on ASTM E96-92 method (Guillard, Broyart, Bonazzi, Guilbert, & Gontard, 2003) . The film was sealed on the top of a permeation cell containing distilled water (100% RH; 2337 Pa vapour pressure at 20°C), placed in a desiccator at 20°C and 0% RH (0 Pa water vapour pressure) containing silica. The cells were weighed at intervals of 2 h during 10 h. Steady-state and uniform water pressure conditions were assumed by keeping the air circulation constant outside the test cell by using a miniature fan inside the desiccator. The slope of weight loss versus time was obtained by linear regression. Three replicates were obtained for each sample.
Colour and opacity
The colour of the films was determined with a Minolta colorimeter (Cr 400; Minolta, Japan). A white standard colour plate (Y = 93.5, x = 0.3114, y = 0.3190) for the instruments' calibration was used as a background for colour measurements of the films, and the L*, a* and b* values of each film were evaluated by reflectance measurements. In Table 1 Galactomannan and extract concentrations used in films formulation, and coded levels associated to factorial design. Values of thickness of the films. this system L* indicates the lightness (ranging from black to white), and the horizontal axes, indicated by a* and b*, are the chromatic coordinates (ranging from −a*: greenness, −b*: blueness to +a*: redness, + b* yellowness). The values of a and b approach zero for neutral colours and increase as the colour becomes more chromatic and more saturated. The opacity of a material is an indication of how much light passes through it: the higher the opacity, the lower the amount of light that can pass through the material. Generally, the opacity is calculated from reflectance measurements. The opacity of the samples was determined according to the Hunter lab method, as the relationship between the opacity of each sample on a black standard (Y b ) and the opacity of each sample on a white standard (Y w ) (Eq. (2)). The measurements were repeated three times for each film.
2.12. Scanning electron microscopy (SEM)
The surface morphology of the films was examined using a scanning electron microscope (Nova NanoSEM 200, The Netherlands) with an accelerating voltage from 10 to 15 kV. Before analyses, all samples were mounted on aluminium stubs using carbon adhesive tape and sputter-coated with gold (thickness of about 10 nm).
Statistical analysis
Data analyses were performed using Microsoft Windows Excel 2003 and Statistica software (release 7, edition 2004, Statsoft, Tulsa, OK, USA).
The influence of the incorporation of the seeds extracts and the increase of galactomannan concentrations in galactomannan films were studied using a factorial design of 2-levels with one centre point. The independent variables and their concentration range were: galactomannan concentration (X 1 ) from 0.5 to 1.5% (w/v) and extract concentrations (X 2 ) from 0 to 1.0% (w/v), where Y represents the dependent variables: WVP, Opacity, TPC and RSA.
The experimental data were fitted to a multifactor model, represented by Eq. (3):
The fitting accuracy of the model was evaluated by the calculation of the coefficient of determination (R 2 ) and the accuracy factor (A f ). The value of R 2 , which gives the percentage of the variance of the data that is explained by the model, was calculated by:
where SSD is the variance times the degrees of freedom:
with ŷ e being the average of all experimental data points:
The higher the R 2 value, the better the model fits the experimental data (Neter, Kutner, Nachtsheim, & Wasserman, 1996). The accuracy factor (A f ) provides information on the fitting accuracy. The closer the A f value is to 1, the better the accuracy (Ross, 1996) . A f was calculated by:
3. Results and discussion Table 2 presents the values from polysaccharide extraction yield (PY) showing that the pre-treatment can influence the final yield of the galactomannan extraction. Pre-treatment A (PTA) showed the highest value of PY (24%), followed by pre-treatment B (PTB) (20%) and pre-treatment C (PTC) (17%). These differences may be explained by the fact that in PTA the seeds were only broken and not totally milled as in the other two pre-treatments. Further, the difference registered between the values of PY for PTB and PTC could be attributed to the 6 h of extraction used in PTC, when compared with the 15 min in PTB. The values of PY achieved with PTA are in good agreement with other results presented by Sciarini, Maldonado, Ribotta, Pérez, and Léon (2008) and by Cerqueira, Pinheiro, et al. (2009) .
Extraction yields of galactomannans and extracts
Extract yield results are also shown in Table 2 , being B.1 the extract with the highest EY value (0.14%). The combination of the milling with a lower time of extraction, in the first step, provided higher values of EY for PTB, but in the following steps (B.2 and B.3) the values were lower when compared with PTA and PTC. The fraction A.3 has the second highest value of EY, as well as C.2 and C.3, which might be explained by the absence of the second extraction step. In this case, the water left during 24 h is used in the hydration of the galactomannan. The subsequent precipitation with ethanol thus includes the compounds than are not removed in step two as in the other treatments. Considering the total EY values, treatments B and C were the most efficient with a total value of 0.18%, followed by treatment A with a total value of 0.11%. Not surprisingly, in those pretreatments where the milling of the seeds is one of the steps, the total EY was higher than in the pre-treatment where the seeds were only broken.
Determination of the total phenolic content (TPC)
The total phenolic content is given in Table 2 . The extracts from the first step of the pre-treatments (A.1, B.1 and C.1) present the lowest values of TPC, with statistically significant difference (p b 0.05) when compared with TPC values of the other steps (Table 2), this being explained by the ethanolic extraction performed in this step. This indicates that the phenolic compounds present in G. triacanthos extract are mostly constituted by water soluble compounds. This fact is confirmed by the results for the extracts from step 2 (B.2 and C.2) that present the highest (p b 0.05) value of TPC. In this step the seeds were left in water during 24 h. In PTA, the absence of step 2 makes step 3 an extraction using water followed by ethanol, which explains the higher values (p b 0.05) of TPC for extract A.3 when compared with A.1. Khokahar and Magnusdottir (2002) have reported water as the better solvent to the extraction of Zea polyphenols when compared with a mixture of 80% of methanol and 70% of ethanol. The obtained results are in agreement with the TPC values obtained from Alpinia zerumbet seeds that present values of 13.7 ± 0.4 mg galic acid/g (extract) for extractions with diethyl ether (Elzaawely, Xuan, Koyama, & Tawata, 2007) . However, they are lower than the TPC values obtained from guarana seeds that ranged between 119 and 186 mg galicacid g extract − 1 (Majhenič et al., 2007) .
Antioxidant activity
The DPPH radical is widely used to evaluate the free-radical scavenging capacity of antioxidants (Zhenbao, Fei, Ling, Guanjun, & Xiaolin, 2007) ; in this work, it is presented in terms of the radical scavenging activity (RSA) and by IC 50 that represent the concentration of the compounds that caused 50% of inhibition of the oxidation. Therefore, the higher the value of RSA the lower will be the concentration necessary to cause 50% of inhibition (IC 50 ). Table 2 shows that the highest (p b 0.05) values of RSA were achieved by the fractions A.3, B.2, B.3, C.2 and C.3, having the lowest value of IC 50 found for the fraction A.3 (p b 0.05). All the fractions corresponding to the first step of the pre-treatments (A.1, B.1 and C.1) have the lowest values (p b 0.05) of RSA and, consequently, the highest values of IC 50 confirming, in the case of fraction A.1, that the milling of the seeds before ethanol boiling in the pre-treatment process allows a more efficient antioxidant extraction thus increasing the antioxidant activity of those extracts. However, between fractions B.1 and C.1 no statistical significant differences could be observed (p N 0.05), which leads to the conclusion that the time of extraction seems not to be an important parameter for antioxidant extraction. Fraction A.3 presents a significant antioxidant activity (and the lowest IC 50 ) when compared with the other fractions (p b 0.05). This value is in agreement with the value of IC 50 obtained for the water fraction from the methanolic extracts of Cassia tora L. seeds, where a value of 0.77 for IC 50 (mg mL −1 ) was reported (Zhenbao et al., 2007) . RSA values are in agreement with the values obtained by Majhenič et al. (2007) A relationship among the TPC, RSA and IC 50 is verified in Table 2 , where higher values of TPC show a positive correlation with the antioxidant activity. The DPPH-scavenging activity of flavonoids and phenolic acids has been studied in other works. Da Silva, Souza, Matta, De Andrade, and Vidal (2006) showed that there is a positive correlation between the antioxidant activity of Brazilian commercial propolis extracts and their phenolic content. Hotta et al. (2002) proposed that the DPPH-scavenging activity is related, not only to its H donation ability, but also to the subsequent polymerisation reaction. Goupy, Dufour, Loonis, and Dangles (2003) proposed that the kinetics of the H transfer can be more important than the stoichiometry of the overall process.
The extract used in the film formulation was selected as the correspondent to fraction A.3 where the best values of TPC, RSA and IC 50 (10.79 mg galicacid g extract
, 71.59% and 1.40 mg mL − 1 , respectively) are obtained simultaneously.
Physicochemical properties of galactomannan films
TPC and RSA
The values of the total phenolic content (TPC) and radical scavenging activity (RSA) in galactomannan films containing the extract as a function of the extract and galactomannan concentrations are shown in Fig. 1(a) and (b) , respectively. As expected, these results demonstrate that galactomannan films with the incorporation of the extract present in both cases improved TPC and RSA when compared with the films without extract, due to the entrapment of the extract compounds in the film. The most significant factor affecting TPC and RSA in the studied films was the extract concentration (p b 0.05, Table 2 ). The increase of TPC and RSA is generally proportional to the amount of extract added, with values that ranged between 0.00 ± 0.00 and 3.16 ± 0.51 mg galicacid g film − 1 to TPC and 0.00 and 36.17 ± 0.89% to RSA. To films with 0.5% of galactomannan and 0% of extract (GT1) was detected a value 0.63 ± 0.19 mg galicacid g film − 1 to TPC. This value can be explained by the presence of phenolic compounds in the galactomannan polysaccharide that remain during the polysaccharide extraction process.
The fitting of the model equation (Table 3) to the experimental values led to good results, with values of R 2 above 0.90 and Af close to 1. Fig. 2 shows scanning electron microscopy (SEM) photographs of the films with and without extract incorporation. The film without extract shows a more uniform and compact structure, otherwise the film with extract shows granular vesicles, presumably due to the extracts entrapped in the film. The vesicles exhibit spherical shapes with smooth surfaces that are apparently free of visible cracks and pores.
The obtained values of TPC and RSA for the galactomannan films showed that phenolic and antioxidant compounds added to the film forming solution can be later extracted from the galactomannan based films. In the future, the releasing characteristic of antioxidants incorporated in the films should be investigated.
Water vapour permeability
The water vapour permeability (WVP) is the most extensively studied property of edible films mainly because of the importance of the water in deteriorative reactions. Table 4 ). The extract concentration and the interaction between the galactomannan and extract concentrations are the most significant factors that affect the WVP (Table 3 ). The hydrophilic-hydrophobic ratio of the film constituents plays an important role in the water vapour transfer process . Seed extracts contain phenolic acids and flavonoids that contain polar compounds, therefore contributing to improve the hydrophilic properties of the films thus increasing the WVP. Also the hydrophobic properties of the extracts can contribute to extend intermolecular interactions of the structural matrix in the galactomannan film, allowing the water vapour to pass through the film. Fig. 2 shows that films without extract ( Fig. 2a and c) 
Colour and opacity
The opacity means a smaller transparency, important to control the incidence of light on food. Opacity values increase with the concentration of polysaccharide for all the studied films (Table 4) . These results are in agreement with the results obtained by where the increase of the polysaccharide concentration in films with the same concentration of plasticizer and oil (both at 0.5% in weight) increase the values of opacity. Also, the addition of extract to the films leads to an increase of the opacity values, essentially due to the colour of extract added. Also Gómez-Guillén et al. (2007) showed that the incorporation of murta extracts to tuna-fish gelatin films decrease the transparency of the resulting films. This increase is related with enrichment of films with phenol compounds and in some extends with the interaction between the phenol and polysaccharide . Table 4 shows the highest values (p b 0.05) of a ⁎ and b ⁎ for the films containing extracts when compared with the films without extracts. In fact, the films with extract present a darker and yellower appearance as evidenced by the lower value of L ⁎ and the higher values of b*. Also Nuthong et al. (2009) for porcine plasma protein based films have shown a decreases in L* value and an increases in a* and b* values, when the tannic and caffeic acids were added.
The films with extract can have advantages due to their higher opacity, which can affect the light transmission through the film, having better light barrier properties which are advantageous when the light incidence is to be avoided. The extract concentration was the most significant factor (X 2 ) contributing to opacity and to the colour coordinates, but its statistical significance was detected only in L ⁎ and b ⁎ (p b 0.05, Table 3 ). The fitting of the model equation (Table 3) to the experimental values has shown good results for L ⁎ and b ⁎ coordinates and not so good fitting to opacity and a ⁎ values. This is reflected in the values of R 2 and A f .
Conclusions
Edible films can provide additional protection for food, while being a fully biodegradable, environmental friendly packaging system, especially if combined with antioxidant properties found in many natural sources, in view of food preservation. The results of this work have shown that G. triacanthos seed extracts can be used as a natural source of phenolic compounds and antioxidants; it has also shown that films produced from galactomannans of G. triacanthos are suitable to incorporate those antioxidant compounds for further application in the food industry, while also showing how the main film properties can change with galactomannan and extract concentrations. Future research should be conducted to allow further identification of phenolic and antioxidant compounds present in seed extracts, and to evaluate their potential application in e.g. food packaging. 
